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© Method of controlling continuously variable transmission in combination with engine throttle 
control. 

. ® A continuously variable transmission on a motor vehicle is controlledjby establishing a target acceleration Go 
to be reached according to an indication- of the driver's intention for acceleration or deceleration, such as the 
amount of depression of the accelerator pedal, and also to an indication of the speed of the motor vehicle. A 
present calcuiative acceleration G C al is calculated on the basis of a reserved power Pa of the engine which 
drives the continuously variable transmission. A target acceleration Gon required^ at the present time to vary the 
present acceleration up to the target acceleration Go to be reached along a desired characteristic curve is 
established according to the difference AG ( = Go - G C al) between the target acceleration Go to be reached and 
the calcuiative acceleration Gca L . Then, the throttle valve of the engine on. the motor vehicle and the continuously 

CN variable transmission are controlled so that the target acceleration Gon will be reached. 
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METHOD OF CONTROLLING CONTINUOUSLY VARIABLE TRANSMISSION IN COMBINATION WITH ENGINE 

THROTTLE CONTROL 

The present invention relates to a method of controlling a continuously variable transmission on a motor 
vehicle or the like, and more particularly to a method of controlling a continuously variable transmission in 
combination with the control of the throttle valve of an/engine. 

Heretofore, continuously variable transmissions are- generally controlled such that (a) the rotational 
5 speed of an engine coupled to the continuously variable transmission will reach a target speed, (b) the rate 
of change of the rotational speed of the engine will reach a target' rateV and (c) the speed reduction ratio or 
transmission ratio of the transmission will reach a target ratio. 

According to another method of controlling a continuously variable transmission, the rate of change of a 
speed reduction ratio is controlled, the rate being calculated as the sum of a component corresponding to a 
w predicted acceleration that is calculated from a reserved horsepower of an engine coupled to the 
transmission and a component corresponding to a target rate of change of the engine rotational speed (see, 
for exam pfe, * Japanese Laid-open Patent Publication No. 63-53343 filed by the applicant). The reserved 
power is a power which is available corresponding to the present accelerator opening but is not used. In 
other word, the engine can afford to output the reserved power under the present accelerator opening. 
75 There is also known a method of simultaneously controlling a continuously variable transmission and 
the throttle valve of an engine coupled to the continuously variable transmission, so that the engine and a 
system for actuating the continuously variable transmission will always be controlled to operate the engine 
at a minimum fuel consumption rate (see Japanese Patent Publication No. 61-8305, for example). 

The conventional control methods described above pose no problem insofar as the motor vehicle runs 
20 steadily or is gradually accelerated or decelerated. However, when the motor vehicle runs transiently, such 
as when the accelerator pedal is abruptly depressed to accelerate the motor vehicle, the rate of change of a 
controlled value until it reaches a target value may not necessarily best match the demand of the driver of 
the motor vehicle. Accordingly, under transient running conditions of the motor vehicle," the driver may not 
have the best feeling as to the driving of the motor vehicle. For example, according to the conventional 
25 control methods, when the accelerator pedal is depressed, the rotational speed of the engine is increased to 
a speed value corresponding to the depth to which the accelerator pedal is depressed (the amount of 
depression of the accelerator pedal), and then the motor vehicle is accelerated while the engine rotational 
speed is being kept constant. Therefore, the rotational speed of the engine or the rate of change of the 
rotational speed of the engine does not match the motor vehicle acceleration as felt by the driver, and the 
30 depression of the accelerator pedal also does not match the motor vehicle acceleration as felt by the driver. 

In view of the fact that the accelerator pedal depression is an indication of the intention of the driver for 
acceleration or deceleration, there has been disclosed a transmission control method in which a target 
acceleration is established depending oj^ the depth to which the accelerator pedal is depressed, and the 
transmission is controlled to arrive at The target acceleration (see Japanese Patent Publication No. .62- 
. 35 52177). 

According to this transmission control method, however, inasmuch as a target acceleration which is 
once established remains at the same value, when the accelerator pedal is depressed and thereafter held in 
the depressed position, the target acceleration remains unchanged even if the speed of the motor vehicle 
goes higher as it is accelerated. As a result, the target acceleration deviates from the motor vehicle 
40 acceleration which is desired by the driver. When the accelerator pedal is released back for deceleration, 
the transmission is controlled for a lower speed reduction ratio, i.e., for a top position, and hence the motor 
vehicle is decelerated without much of an engine brake applied. - 

45 SUMMARY OF THE INVENTION 

In view of the aforesaid problems of the conventional continuously variable transmission control 
methods, it is an object of the present invention to provide a method of controlling a continuously variable 
so transmission on a motor vehicle to enable the motor vehicle to run in a manner to give the driver an 
_ acceleration or deceleration feeling which matches the demand of the driver according to an indication of 
the driver's v/ill or intention for acceleration or deceleration, such as the amount of depression of an 
accelerator pedal. 

According to the control method of the present invention, a target terminal acceleration Go to be 
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reached is established according to an indication of the driver's intention for acceleration or deceleration, 
such as the amount of depression of the accelerator pedal, and aiso to an indication of the speed of the 
motor vehicle, and a present calcuiative acceleration G C al is calculated on the basis of a reserved power at 
the present time of the engine which drives the continuously variable transmission. Then, a target present 
5 acceleration Gon required at the present time to vary the present acceleration up to the target, terminal 
acceleration Go along a desired characteristic curve (e.g., a characteristic curve which gives the driver an 
acceleration feeling that is demanded by the driver) is established according to the difference AG (= Go - 
Gcal) between the target terminal acceleration Go to be reached and the calcuiative acceleration G C al- 
Thereafter, the throttle valve of the engine and the continuously variable transmission are controlled so that 
10 the target present acceleration Gon will be reached. 

With the continuously variable transmission being thus controlled, the acceleration (or deceleration) of 
the motor vehicle is directly controlled along the desired characteristic curve depending on a change in the 
indication of the driver's intention for acceleration or deceleration, such as the amount of depression of the 
accelerator pedal. Therefore, the motor vehicle runs in a manner to meet the demand for acceleration, 
15 represented by the depression by the driver of the accelerator pedal. Since the transmission and the throttle 

valve . are. controlled using, as a target value, the acceleration (or deceleration) whose changes can be 

sensed by the driver, the desired characteristic which meets the demand of the driver is reliably achieved. 

When the target acceleration is to be established, the calcuiative acceleration Gcal which is calculated 
on the basis of the reserved engine power is employed rather than an acceleration that is obtained on the 
20 basis of a measured value indicated by an acceleration sensor, a vehicle speed sensor, or the like. If an 
acceleration sensor were employed, it would be difficult to accomplish accurate control since the accuracy 
of the acceleration sensor would be lowered by vibrations of the motor vehicle during travel. Furthermore, in 
order to perform a transient control mode in which the accelerator pedal is abruptly depressed, for example, 
each of the control cycles is quite short (e.g., 10 ms). Since, however, the feedback system which is 
25 employed suffers from a detection delay (due to the delay after the engine output power is increased and 
before the motor vehicle is actually accelerated), the detected value from the sensor deviates from a correct 
value at the time, and hence correct control depending on the conditions at the time cannot be 
accomplished. In addition, if the acceleration were established on the basis of the measured value from the 
vehicle speed sensor, any detection error of the vehicle speed sensor would greatly affect the control 
30 process using the short control cycles. These problems are not encountered when the calculated accelera- 
tion is employed according to the present invention. 

Further scope of applicability of the present invention will become apparent from the detailed 
description given hereinafter. However, it should be understood that the detailed description and specific 
examples, while indicating preferred embodiments of the invention, are given by way of illustration only, 
35 since various changes and modifications within the scope of the invention will become apparent to those 
skilled in the art from this detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

r 40 

The present invention will become more fully understood from the detailed description given herein- 
below and the accompanying drawings which are given by way of illustration only, and thus are not 
limitative of the present invention and wherein: 
45 FIG. 1 is a circuit diagram of a hydraulic circuit of a continuously variable transmission to be 

controlled by a method of the present invention; 

FIG. 2 is a cross-sectional view of servovalves for controlling the continuously variable transmission; 
FIG. 3 is a flowchart of a control process of the method according to the invention; 
FIG. 4 is a graph showing the relationship between an accelerator opening, a vehicle speed, and a 
so target acceleration to be reached; 

FIG. 5 is a graph showing the relationship between an acceleration difference and a corrective value 
for acceleration; 

FIG. 6 is a graph showing the relationship between an accelerator opening, a vehicle speed, and a 
target engine rotational speed; 
55 FIG. 7 is a graph showing the relationship between a rotational speed difference and the rate of 

change of a target engine rotational speed; 

FIGS. 8 and 9 are flowcharts of control processes according to other embodiments of the present 
invention. 
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FIG. 1 shows a hydraulic circuit of a continuously variable transmission which is to be controlled by a 
control method according to the present invention. The continuously variable transmission, generally 
designated by the reference numeral T, has a fixed-displacement hydraulic pump P drivable by. an engine E 
on a motor vehicle through an input shaft 1 and a variable-displacement hydraulic motor M having an output 
5 shaft 2 tor driving road wheels W of the motor vehicle. The hydraulic pump P and the hydraulic motor M 
are hydraulicafly connected to each other through a closed hydraulic circuit including a first oil passage La 
interconnecting the outlet port of the pump P and the inlet port of the motor M and a second oil passage Lb 
interconnecting the inlet port of the pump P and the outlet port of the motor M. 

A charging pump 10 drivable by the engine E has an outlet port connected to the closed hydraulic 
10 circuit through a charging oil passage Lh having check valve 1 1 and a third oil passage Lc having a pair of 
check valves 3. Working oil supplied from an oil sump 15 by the charging pump 10 and regulated in 
pressure by a charging pressure relief valve 12 is supplied through one of the check valves 3 to a lower- 
pressure .one of the oil passages La, Lb. To the closed hydraulic circuit, there is also connected a fourth oil 
passage Ld having a shuttle valve 4 coupled to fifth and sixth oil passages Le, Lf having higher- and lower- 
75 pressure relief valves 6, 7 and connected to the oil sump 15. The shuttle valve 4 which comprises a two- 
.... ... -Xpoft three-position directional control valve is operable in response to the. difference between. oil pressures 

in the first and second oil passages La, Lb for connecting^ a higher-pressure one of the first and second oil 
passages La, Lb to the fifth oil passage Le and the lower-pressure oil passage to the sixth oil passage Lf. 
Therefore, the oil pressure relieved from the higher-pressure, oil passage is regulated by the higher- 
20 : pressure relief valve 6, whereas the oil pressure relieved from the lower-pressure oil passage is regulated 
by the lower-pressure relief valve 7. 

Between the first and second oil passages La, Lb, there is connected a seventh oil passage Lg having a 
clutch valve 5 which comprises a variable restriction controlled by an opening control unit (not shown) for 
controlling the opening of the seventh oil passage Lg. The transmission of the drive power from the 
25 hydraulic pump P to the hydraulic motor M can be controlled through the control of the cross-sectional flow 
area in the clutch valve 5. 

An actuator for controlling the displacement of the hydraulic motor M to control the speed reduction 
ratio or transmission ratio of the continuously variable transmission T comprises a pair of first and second 
servovalves 30, 50 mechanically operably coupled to each other by a link mechanism 45. the hydraulic 
30 motor M comprises a swash-plate axial-piston motor whose displacement can be controlled by controlling 
the angle of the swash plate thereof. 

The structure' and operation of the servovalves 30, 50 will be described below with reference to FIGS. 1 
and 2. 

The higher-pressure working oil supplied from the closed hydraulic circuit of the continuously variable 

35 transmission T through the shuttle valve 4 to the fifth oil passage Le is introduced into the first servovalve 
30 through a high-pressure .line 120 branched from the fifth oiJ passage Le. The first servovalve 30 controls 
the swash plate angle of the hydraulic motor M under the higher-pressure working oil thus introduced. The 
second Servovalve 50 controls operation of the first servovalve 30 through the link mechanisrfv45 by which 
the second servovalve 50 is operativeiy coupled to the first servovalve 30. 

40 The 1 first servovalve 30 comprises a housing 31 having a port 31a connected to the high-pressure line 
120, a -piston member 32 slidably disposed in the housing 31, and a spool member 34 coaxially slidably 
disposed in the piston 32. The piston member 32 has a piston 32a on its righthand (as shown) end, and a 
cylindrical rod 32b extending coaxially from the piston 32a to the left (as shown). The piston 32a is 
positioned in a cylinder hole 31c defined in the housing 31 and divides the space of the cylinder hole 31c 

45 into left and right (as shown) cylinder chambers 35, 36. The rod 32b is slidably fitted in a rod hole 31 d 
which is smaller in diameter than and extends coaxially from the cylinder hole 31c. The right cylinder 
chamber 35 is closed by a plug 33a and a cover 33b. The spool member 34 extends through the piston 
32a„ the right cylinder chamber 36, the plug 33a, and the cover 33b. 

The left cylinder chamber 35 communicates with the high-pressure line 120 through an oil passage 31b 

so defined in the housing 31. The piston member 32 can therefore be moved to the right under the oil 
pressure introduced from the high-pressure line 120 into the left cylinder chamber 35. 

The spool member 34 has on its distal end a land 34a closely fitted in a spool hole 32d defined 
coaxially in the rod 32b. The spool member 34 also has a recess 34b defined on the righthand side of the 
land 34a by a pair of diametrically opposite cutouts, the recess 34b having a predetermined axial 

55 dimension. A retaining ring 37 is fitted over the spool member 34 on the righthand side of the recess 34b. 
The spool member 34 is prevented from removal from the piston member 32 by the retaining ring 37 upon 
engagement with another retaining ring 38 locked in an inner peripheral surface of the piston member 32. 
The piston member 32 has defined therein a discharge passage 32e for opening the right cylinder 
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chamber 36 into an oil sump (not shown) through the spool hole 32d upon rightward movement of the spool 
member 34, and a communication passage 32c for bringing the right cylinder chamber 36 into communica- 
tion with the left cylinder chamber 35 through the recess 34b upon leftward movement of the spool member 
34. 

When the spool member 34 is moved to the right from the position shown in FIG. 2, the land 34a closes 
the communication passage 32c and opens the discharge passage 32e. Therefore, the oil supplied under 
pressure from the high-pressure line 120 through the oil passage 31b acts in only the left cylinder chamber 

35, thus moving the piston member 32 to the right in follow-up coaction with the spool member 34. 

When the spool member 34 is then moved to the left, the recess 34b opens the communication 
passage 32c into the right cylinder chamber 36, and the land 34a closes the discharge passage32e. The 
high-pressure oil from the high-pressure line 120 then acts in both the left and right cylinder chambers 35, 

36. Since the piston 32a has different pressure-bearing surface areas on its axially opposite sides, i.e., the 
righthand pressure-bearing surface area is greater than the lefthand pressure-bearing surface area, the 
piston 32 is moved to the left in follow-up coaction with the spool member 34. 

When the spool member 34 is stopped somewhere in its stroke, because the oil pressures in the 
cylinder chambers 35, 36 are maintained in equilibrium, the piston member 32 is .kept in a hydraulicalty 
balanced condition and is also stopped. 

Therefore, by moving the spool member 34 to the left or right, the piston member 32 is moved in 
follow-up unison with the spool member 34 under the pressure of the oil supplied from the high-pressure 
line 120. The piston member 32 then causes a link 39 coupled thereto to turn the swash plate Mt of the 
hydraulic motor M about a shaft Ms for thereby varying the displacement of the hydraulic motor M. 

The spoof member 34 is operatively coupled to the second servovalve 50 by the link mechanism 45. 
The link mechanism 45 comprises a first link 47 rotatable about a shaft 47c and having two substantially 
perpendicular arms 47a, 47b, and a second link 48 joined by a pin to the lower distal end of the arm 47b of 
the first link 47. The upper end of the arm 47a is connected by a pin to the righthand end of the spool 
member 34 of the first servovaJve 30. The lower end of the second link 48 is coupled by a pin to a vertical 
($s shown) spool member 54 of the second servovalve 50. Consequently, vertical movement of the spool 
member 54 of the second servovalve 50 causes the spool member 34 of the first servovalve 30 to move to 
the left or right 

The second servovalve 50 has a housing 51 having two ports 51a, 51b to which two oil pressure lines 
102, 104 are connected, respectively, and the spool member 54 is vertically slidably disposed in the 
housing 51. The spool member 54 comprises a piston 54a and a rod 54b extending coaxially downwardly 
from the piston 54a. The piston 54a is slidably fitted in a cylinder hole 51c defined vertically in the housing 
51. The cylinder hole 51c closed by a cover 55, defining a cylinder chamber therein which is divided by the 
piston 54a into upper and lower cylinder chambers 52, 53. The rod 54b is slidably fitted in a rod hole 51 d 
which is defined coaxially in the housing 51 and extends downwardly from the cylinder hole 51c. 

The rod 54b has a recess 54e defined in a peripheral surface and having a tapered surface. A top 
position detector switch 58 has a spool 58a projecting into the recess 54e. When the spool member 54 
moves upwardly, the spool 58a is lifted in a direction away from the rod 54b as the tip end of the spool 58a 
slides up the tapered surface'. Therefore, the top position detector switch 58 can detect when the 
transmission ratio of the hydraulic motor M is minimum. 

The upper and lower cylinder chambers 52, 53 defined by the piston 54a communicate respectively 
with the oil pressure lines 102, 104 through the ports 51a, 51b. The spool member 54 is moved upwardly or 
downwardly depending on the magnitude of an oil pressure applied to the piston 54a, the oil pressure being 
determined by the pressure of working oil supplied through the lines 102, 104 and the pressure-bearing 
surface areas of the piston 54a in the cylinder chambers 52, 53. The vertical movement of the spool 
member 54 is transmitted through the link mechanism 45 to the spool member 34 of the first servovalve 30 
thereby to move the spool member 34 to the left or right. Accordingly, by controlling the oil pressure 
supplied through the oil pressure lines 102, 104, the movement of the spool member 34 of the first 
servovalve 30 can be controlled to move the piston member 32 for thereby controlling the swash plate 
angle of the hydraulic motor M, so that the displacement of the motor M will be controlled to control the 
transmission ratio or speed reduction ratio. Specifically, when the spool member 54 of the second 
servovalve 50 is moved upwardly, the piston member 32 of the first servovalve 30 is moved to the right to 
reduce the swash plate angle of the hydraulic motor M for reducing the displacement of the motor M and 
hence the speed reduction ratio. 

Oil pressure which is supplied to the upper cylinder chamber 52 through the port 51 a from the oil 
pressure line 102 is introduced from the charging pump 10, while being regulated by the charging pressure 
relief valve 12, through an oil pressure line 101. Oil pressure which is supplied to the lower cylinder 



EP 0 389 262 A2 



chamber 53 through the port 51b is introduced from an oil pressure line 103 branched from the oil pressure 
line 102 and having an orifice 103a, while being regulated by two duty-ratio-controlled solenoid-operated 
valves 151. 102, through an oil pressure line 104. The solenoid-operated valve 151 is opened and closed 
depending on a given duty ratio to control the rate of ffow of working oil from the oil pressure line 103 to the 
s oi? pressure line 104. The solenoid-operated valve 152 is connected between an oil pressure fine 105 
branching from the oil pressure line 104 and an oil pressure line 106 connected to a drain through an orifice 
106a. The solenoid-operated valve 152 is opened and closed depending on a given duty ratio to control the 
rate of flow of working oil from the oil pressure line 104 to the drain. 

Therefore, the upper cylinder chamber 52 is supplied through the oil pressure line 102 with the 
w charging oil pressure which has been regulated by the charging pressure relief valve 12. The oil pressure 
lino 104 supplied the lower cylinder chamber 53 with an oil pressure which is made lower than the charging 
oi! pressure by the two solenoid-operated valves 151, 152. Since the pressure-bearing surface area of the 
upper cylinder chamber 52 is smaller than that of the lower cylinder chamber 53, the forces acting on the 
opposite s*des of the spool member 54 under the oil pressures in the upper and lower cylinder chambers 
is 52. 53 are brought into equilibrium when the oil -pressure Pu in the upper cylinder chamber 52 is higher 
. . - . than a ccsiam level. PI of the. oil pressure in the lower cylinder chamber 53 (Pu >. PI). Therefore* by- 
controtttng in* solenoid-operated valves 151, 152 to increase the oil pressure supplied to the lower cylinder 
chamber 53 aoove tne pressure level PI, the spool member 54 is moved upwardly to reduce the swash 
plate argkr o* tr»e hydraulic motor M for thereby reducing the speed reducing ratio, and by controlling the 
20 splenoid-or^rai^rJ valves 151, 152 to reduce the oil pressure supplied to the lower cylinder chamber 53 
below the pressure W^ve! PI. the spool member 54 is moved downwardly to increase the swash plate angle 
of the hyrjr3*:i«- motor M for thereby increasing the speed reducing ratio. 

The sr w-^ar?-<xv?raTed valves 151, 152 are controlled by a control signal fed from a controller 110 over 
a signal Une 100a 

25 As shown m FIG. 1. the controller 110 is supplied with a throttle valve opening signal 0th applied from 

an engine trvonte valve opening sensor 161 over a signal line 100c, an intake vacuum signal Pb delivered 
over a signal Une lOOd from a vacuum sensor 162 which detects the intake vacuum in an intake manifold, .< 
an engtne rotational speed signal Ne delivered from an engine rotational speed sensor 163 over a signal 
line 100c. a vehicle speed signal V delivered over a signal line 100f from a vehicle speed sensor 164 which 
30 detects the vehicle speed based on the rotational speed of the output shaft 2, a swash plate angle signal 
6th delivered over a signal line lOOg from a swash plate angle sensor 165 which detects the swash plate 
angle of the hydraultc motor M, and an accelerator opening signal 0 A p delivered from an accelerator pedal 
movement sensor 166 over a signal line 100h. The controller 110 produces a control signal based onjhe 
above input signals applied thereto and applies the control signal to the solenoid-operated valves 151, 152 
35 to achieve desired running performance of the motor vehicle. 

The controller 100 also sends a control signal over a line 100b to a throttle valve actuator 155 which 
controls the opening of the throttle valve. The controller 100 produces this control signal based on the input 
signals for controlling operation of the th rottle'val ve%ctuaf or 155 to achieve desired running performance of 
the motor vehicle. 

40 Operation of the controller 100 to control the transmission T will be described below. 

The speed reduction ratio or transmission ratio i (= input shaft rotational speed/output shaft rotational 
speed) of the continuously variable transmission T is expressed by: 

Ne 



c f x V 

where Ne is the engine rotational speed, V is the vehicle speed, and C is a constant. The rate di/dt of 
change of the speed reduction ratio i is determined by differentiating the equation (1) with respect to time t 
and given by the following equation (2): 

1 Ne 

di/dt s x <dNe/dt — X C X dV/dt) (2) 

C X V C X V 

where dNe/dt is the rate of change of the engine rotational speed, and dV/dt (= G) is the acceleration of the 
motor vehicle. 
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If the target rate of change of the engine rotational speed is indicated by dNeo/dt, the acceleration dV/dt 
(= G) is the predicted acceleration Ga, and c' = 1/C, then the rate di/dt of change of the speed reduction 
ratio is given by: 

di/dt = C x v x dNeo/dt -Cx^xGa (3) 
5 Therefore, the rate di/dt of change of the speed reduction ratio is represented by the sum of a 

component di N /dt (= C x 1/V x dNeo/dt) corresponding to the target rate dNeo/dt of change of the engine 
rotational speed and a component dia/dt ( = - C x Ne/V 2 x Ga) corresponding to the predicted acceleration 
Ga. The predicted acceleration Ga is derived from the equations (4) through (7) given below. 
The output power Pe of the engine E is expressed by: 
10 Pe = Ru + Ra + Pa (4) 

where R is the resistance from the road surface to the motor vehicle, Ra is the resistance of air to the motor 
vehicle, and Pa is the reserved horsepower of the engine E. From the equation (4), the reserved 
horsepower Pa of the engine E is derived as follows: 
Pa = Pe - (Ra + Ra) (5) 
75 The reserved horsepower Pa is a horsepower of the engine output which is not utilized at the time, and can 
be used to accelerate the motor vehicle. ... ... . . . - • ........ 

The reserved horsepower Pa can also be given by the equation (6): 

20 1 V X 10 3 1 

Pa = (W + A V) X — X Ga X ( ) X — (6) 

& 60 2 75 



25 where g is the gravitational acceleration (9.8 m/s 2 ), W is the total weight of the motor vehicle, and AW is the 
equivalent weight of the rotating parts of a power train. From, the equation (6), we get 

g X 60 2 X 75 

Ga = Pa X — (7) 

30 (W + A W) X (V X 10 3 ) 

Therefore, the predicted, acceleration Ga can be calculated from the reserved horsepower Pa of the 
55 engine E, and the reserved horsepower Pa is determined according to the equation (5). 

From the predicted acceleration Ga given by the equation (7) above, the component dia/dt correspond- 
ing to the predicted acceleration is expressed as follows: 

Ne g X 60 2 X 75 

40 dia/dt = - C X — XPaX — 

V 2 (W + A W) X (V X 10 J ) 

Ne 

= - C 2 X — X Pa . C8> 

45 * V 3 



where C2 is a constant. 

Therefore, the rate di/dt of change of the speed reduction railo can be expressed as follows: 
50 di/dt = C1 x I x dNeo/dt • C 2 x ^ x Pa (9) 

where C1 is a constant. The terms of the above equation can be weighted by varying the constants Ci t C2. 

The target rate dNeo/dt of change of the engine rotational speed is determined by calculating the 
difference ANe between the target engine rotational speed Neo which is set according to an indication of 
the driver's intention for acceleration or deceleration, such as the amount of depression of the accelerator 
55 pedal, for example, and the actual engine rotational speed Ne, and finding a suitable value from a table 
which contains predetermined target rates dNeo/dt that correspond to the speed differences ANe in view of 
vehicle running conditions as felt by the driver and fuel consumption. 

Consequently, when a reserved horsepower Pa to obtain a desired acceleration is established by 
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controlling the throttle valve and the transmission is controlled using the rate di/dt of change of the speed 
reduction ratio which is determined according to the equation (8) above, the desired acceleration can be 
achieved. 

A control sequence for controlling the speed reduction ratio and the throttle valve to establish and 
s obtain the target acceleration" will be described below with reference to FIG. 3. 

FIG. 3 shows a control process according to the present invention: As shown in FIG. 3, an accelerator 
opening (the amount of depression of the accelerator pedal) fi AP is read in a step S1, and then a vehicle 
speed V is read in a step S2. A target terminal acceleration Go to be reached is determined from the 
accelerator opening d AP and the vehicle speed V in a step S3. As shown in FIG. 4, there are predetermined 
70 values of the target terminal acceleration Go to be reached for respective vehicle speeds Vi through Vs, the 
target acceleration values Go being plotted against values of the accelerator opening 6 AP . A target terminal 
acceleration Go which corresponds to the accelerator opening 6 AP and the vehicle speed V that are thus 
read is read from FIG. 4, so that the target terminal acceleration for obtaining a desired driver's acceleration 
feeling corresponding to the accelerator pedal depression at the vehicle speed can be achieved. In FIG. 4, 

is the vehicle speeds S/^ through V s are selected such that V t =0-20 km/h, V 2 = 40 km/h V 5 = 150 

,.. , ikm/h. (or example. ... . ....... - : • •• ..-^ ' ■;. « 

Then, a calculative acceleration Gcal corresponding to the present reserved power of the engine is 
calculated in a step S4. Since the reserved horsepower Pa of the engine is given by the equation (5) above, 
the predicted acceleration Ga is calculated using the reserved horsepower Pa according to the equation (5), 
2c and the predicted acceleration Ga thus determined is the calculative acceleration G C al- 

The difference AG (= Go - G C al) between the target terminal acceleration Go and the calculative 
acceleration G caC is calculated in a step S5. Based on the acceleration difference AG, a corrective value 
dGorvdt for the calculative acceleration G C al, which is necessary to vary the present acceleration 
{calculative acceleration G C al) up to the target terminal acceleration Go along a desired characteristic curve, 
2S is calculated oh the basis of the acceleration difference AG in a step S6. The corrective value dGon/dt is 
determined, for example, using a map or graph as shown in FIG. 5 which contains calculated corrective 
values corresponding to different values of the acceleration difference AG. Therefore, the desired corrective 
value dGon/dt corresponding to the present acceleration difference AG calculated in the step S5 can be 
found in the graph of FIG. 5 according to the solid-line curve therein. 
30 Then, the corrective value dGon/dt is added to the calculative acceleration G C al to obtain a target 
present acceleration Gon (= G C a L + dGon/dt) in a step S7. This target present acceleration Gon i is an 
... acceleration which is required at the present time to vary the present calculative acceleration G C al up-to the 
target terminal acceleration Go along the desired characteristic curve. The throttle valve opening and the 
speed reduction ratio of the transmission are controlled in order to achieve the target present acceleration 
35 Gon. 

For such control, the engine rotational . speed Ne is read in a step S11, and then a target engine 
rotational speed Neo which corresponds to the accelerator opening 9 AP and the vehicle speed V that have 
r^--already%^ : n>?4acf • in is calculated in a step S12. As shown in FIG. 6; values of the target ehgmeiroiational 
speed Neo are preset for the vehicle speeds Vi through. V 5 and plotted against values of the accelerator 

40 opening e A 'p. Therefore, the target engine rotational speed Neo is determined in the step S12 which 
corresponds 1 to the present accelerator opening 6 AP and vehicle speed Neo that have been read in.: the .steps 
S1, S2. ' — - 

Then, a step S13 calculates the difference ANe (= Neo - Ne) between the target engine rotational 
speed Neo and the present engine rotational speed Neo read in the step S1 1 . Based on the rotational 

45 speed difference ANe, a present target rate dNeo/dt of change of the engine rotational speed, which rate is 
required to vary the present engine rotational speed Ne up to the target rotational speed Neo along a 
desired characteristic curve, is calculated and temporarily stored in a memory in a step S14. The target rate 
dNeo/dt is determined from the graph of FIG. 7, for example, which contains preset rates of change of the 
engine rotational speed such that the engine roiaiionai speed will vary along a desired characteristic curve 

so depending on the rotational speed difference ANe. 

Then, control goes to a step S15 in which the intake vacuum P B of the engine as detected by the 
vacuum sensor 161 is read, and a present engine horsepower P S rl is calculated according to the intake 
vacuum P B and the engine rotational speed Ne. Thereafter, a target engine horsepower Pson required to 
obtain the target present acceleration -Gon is determined according to the following equation (10) in a step 

55 S16: 
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Gon X <W+ AW) X VX 10 



3 



. Pson = ; ! + Pc Hr (10) 

60 2 X 75 SRL 

5 

With the target engine horsepower Pson thus calculated, a target intake vacuum P^, which is required 
to vary the present engine horsepower P SRL up to the target engine horsepower Pson at the engine 
rotational speed Ne at this time, is calculated in a step Si 7. For such a calculation, a map containing values 
w of the engine horsepower Ps depending on values of the engine intake vacuum P B and values of the engine 
rotational speed Ne may be employed, and the engine horsepower corresponding to the target engine 
horsepower Pson and the engine rotational speed Ne may be determined from the map. 

The throttle valve of the engine may then be controlled in order to achieve the target intake vacuum 
Peon which is thus obtained. However, when the throttle valve opening is reduced smaller than a 
75 predetermined opening and the intake vacuum becomes higher than a predetermined level P BG , the engine 
• ~ - - ho ^ se Power .s very small, and the throttle valve opening control is not effective enough to adjust the engine 
horsepower. — ^ - - » -~ 

To cope with the above shortcoming, a step S18 determines whether the target intake vacuum P Bo n is 
lower than the predetermined value P BG or not, so that different control modes will be performed in case 

20 P Bon < PBG Or P Bon £ P B G- 

lf PBon < Pbg. then the engine throttle valve is controlled so that the target intake vacuum will be 
obtained in a step S19. Now, an engine horsepower which is suitable and required to reach the target 
present acceleration Gon can be generated. Simultaneously with this throttle valve control, the speed 
reduction ratio of the continuously variable transmission is also controlled. To this end, a component dWdt 
25 (- Cixl/Vx dNeo/dt) corresponding to the target rate dNeo/dt of change of the engine rotational speed 
and a component dia/dt (= - C 2 x NeA/3 x Pa: this can be obtained according to the equation (8)) 
corresponding to the predicted acceleration that is determined using the reserved horsepower Pa of the 
engine are determined in a step S20. By substituting these components in the equation (9), a rate di/dt (- 
diw/dt + dia/dt) of change of the speed reduction ratio is determined, and the solenoid-operated valves 151. 
3Q 152 are controlled, i .e., the speed reduction ratio of the transmission is controlled, in order to obtain the 
rate di/dt in a step S21. In this manner, the motor vehicle can be accelerated (or decelerated) according to 
the target present acceleration Gon. 

If Pbo« £ Pbg then control goes from the step S18 to a step S22 in which the engine throttle valve is 
controlled so that the intake vacuum P B is equalized to the predetermined value P BG (constant). Since the 
35 engine horsepower cannot be adjusted by the throttle valve control at this time, the transmission control is 
effected to make up for the engine horsepower adjustment. 

Using the difference (Gon - G CA l) between the target present acceleration Gon and the calculate 
• acceleration. Gcal, a, corrective component diG/dt is calculated according to the following equation 01} in a 
step S23. 

40 dio/dt = C 3 xgx (Gon - Goal) (11) 

The corrective component diVdt is then added to the equation (9) to calculate a rate di/dt (= diVdt + dia/dt 
+ dic/dt) of change of the speed reduction ratio. Then, the solenoid-operated valves 151, 152 are 
controlled, i.e., the speed reduction ratio of the transmission is controlled, in order to obtain the rate di/dt in 
a step S24. The motor vehicle can also be accelerated (or decelerated) according to the target present 

4S acceleration Gon. 

The above flow or control sequence is cyclically repeated every preset period of time (e.g., every 10 
ms) for continuously controlling the speed reduction ratio along a desired acceleration (or deceleration) 
characteristic curve. If the speed reduction ratio is controlled through the duty ratio control of the solenoid- 
operated valves as with the illustrated embodiment, then a control signal for the solenoid-operated valves is 
so Issued every 100 ms, for example, even though the control sequence is repeated every 10 ms, because the 
mechanical parts of the solenoid-operated valves have slow responses. 

A control method according to a second embodiment of the present invention will be described with 
reference to FIG. 8. 

A target present acceleration Gon is determined in steps 1 through 7 which are exactly the same as the 
steps 1 through 7 shown in FIG. 3. Therefore, the steps 1 through 7 shown in FIG. 8 will not be described 
below. 

Steps S11 through S22 shown in FIG. 8 are also identical to those shown in FIG. 3. 
In the control sequence shown in FiG. 3. if the target intake vacuum P^ is lower than the 
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predetermined value P BG , the rate di/dt of change of the speed reduction ratio is determined according to 
the equation (9), and if the target intake vacuum P Bon is equal to or higher than the predetermined value 
P BG , the corrective component determined according to the equation (11) is added to the equation (9), thus 
obtaining the rate di/dt of change of the speed reduction ratio, and the speed reduction ratio is controlled on 

5 the basis of the rate di/dt thus determined. 

According to the control method shown in FIG. 8, however, the steps S19, S22 are followed by a step 
S26 irrespective of whether P Bon < Pbg or P Bon > P SG - In the step S26, there are determined a component 
diN/dt (= Ci x 1/V x dNeo/dt) corresponding to the target rate dNeo/dt of change of the engine rotational 
speed, a component dia/dt (= - C 2 x Ne/V 3 x Pa) corresponding to the predicted acceleration, and a 

io corrective component di G /dt (= C 3 x Ne/V 2 x (Gon - G C al))> These components are added thereby 
calculating the rate di/dt of change of the speed reduction ratio. Then, the speed reduction ratio is 
controlled on the basis of the rate di/dt thus found. The control mode shown in FIG. 8 can control the speed 
reduction ratio with a good response, 

A control method according to a third embodiment of the present invention will be, described with 

75 reference to FIG. 9. 

.... _v~- - ^A^target present acceleration Gon~is« determined in steps 4 -through 7 which are exactly the >same as4he 
steps 1 through 7 shown in FIG. 3. Therefore, the steps 1 through 7 shown in FIG. 9 will not be described 
below. -' 

After the target present acceleration Gon has been calculated in the steps S1 through S7, control 

20 proceeds to a step S31 which calculates a target engine horsepower Pson required to obtain the target 
present acceleration Gon. This calculation is the same as the calculation in the step S17 in the control 
sequence of FIG. 3. Specifically, the present engine horsepower P SRL is calculated from the engine intake 
vacuum P a and the engine rotational speed Ne, and the target engine horsepower Pson required to obtain 
the target present acceleration Gon is determined according to the equation (10). 

25 Then, a target engine rotational speed Neo is calculated on the basis of the target engine horsepower 
Pson in a step S32. The target engine rotational speed Neo may be found from a map which contains data 
representative of the relationship between value of the engine horsepower P and values of the engine 
rotational speed Ne on a minimum fuel consumption curve, for example. This allows the speed reduction 
ratio to be controlled for better fuel economy. 

30 Thereafter, the difference ANe between the target engine rotational speed Neo and the present engine 
rotational speed Ne is calculated in a. step S33. Based on the rotational speed difference ANe, a present 
target rate dNeo/dt of change of the engine -rotational speed, which rate is-.required to vary the present 
engine rotational speed Ne up to the target rotational speed Neo along a desired characteristic curve, is 
calculated in a step S34. The target rate dNeo/dt is determined from the graph of FIG. 7, for example, 

35 which contains preset rates of change of the engine rotational speed such that the engine rotational speed 
will vary along a desired characteristic curve depending on the rotational speed difference ANe. ., 

Then; a step S35 determines whether the target, rate dNeo/dt of change of the engine rotational speed 
is smaller than a predetermined value dNg/dt or rYSt^'l^tfie raie dNeo/dt is larger than or equal to the 
predetermined value dNc/dt, then the predetermined value dN G /dt is set as the target rate dNeo/dt of 

40 change of the engine rotational speed. Then, a component di N /dt corresponding to the target rate dNeo/dt of 
change of the engine rotational speed is calculated in a step S37. 

As with the control sequence shown in FIG. 3, a component dia/dt corresponding to the predicted 
acceleration and a corrective component dic/dt are calculated according to the equations (8) and (11) in a 
step S38. In calculating the corrective component dic/dt, the calculative acceleration G C al may be 

45 calculated as a value under a reference intake vacuum (which may have a substantially intermediate value 
of - 300 Hg, for example). This allows the speed reduction ratio to be controlled for better fuel economy 
though control responses are slightly lowered. Thereafter, the calculated components are added thereby 
calculating a rate di/dt (= di N /dt + dia/dt + dic/dt) of change of the "speed reduction ratio, and the speed 
reduction ratio of the continuously variable transmission is controlled on the basis of the rate di/dt in a step 

so S39. 

At the same time that the speed reduction ratio is controlled as described above, the throttle valve of 
the engine is controlled in steps S40 through S43. This throttle valve control is the same as the steps S18 
through S22 shown in FIG. 3. Specifically, a target intake vacuum P 8on required to vary the engine 
horsepower up to a target horsepower Pson is determined from the targe^engine horsepower Pson and the 
55 engine rotational speed Ne, and the throttle valve is controlled so that theterget intake vacuum P Bo n will be 
obtained. In this control sequence, the different control modes are performed depending on whether the 
target intake vacuum P Bon is higher or lower than the predetermined value P BG - 

The above flow or control sequence of FIG. 9 is repeated at predetermined intervals of time to carry out 
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the throttle valve control and the speed reduction ratio control. 

The control method has been described as being applied to a continuously variable transmission which 
comprises a hydraulic pump and a hydraulic motor. However, the same principles are also applicable to 
any of various other types of continuously variable transmission. 

With the above embodiments, as described above, a target terminal acceleration Go is established 
according to an indication of the driver's intention for acceleration or deceleration, such as the amount of 
depressron of the accelerator pedal, and also to an indication of the speed of the motor vehicle, and a 
present calculate acceleration G CAL is calculated on the basis of a reserved power at the present time of 
the engine which drives the continuously variable transmission. Then, a target present acceleration Gon 
required at the present time to vary the present acceleration up to the target acceleration Go to be reached 
along a desired characteristic curve (e.g., a characteristic curve which gives the driver an acceleration 
feeling that is demanded by the driver) is established according to the difference AG ( = Go -Goal) between 
the target terminal acceleration Go and the calculate acceleration G C al- Thereafter, the throttle valve of the 
engine and the continuously variable transmission are controlled so that the target present acceleration Gon 
15 will be reached. 



70 



... ... , -With the continuously variable transmission, being thus controlled, the motor vehicle runs iaa manner to 

meet the driver's demand for acceleration/represented by the depression by the driver of the accelerator 
pedal. Since the transmission and the throttle valve are controlled using, as a target value, the acceleration 
(or deceleration) whose changes can be sensed by the driver, the desired characteristic which meets the 
20 demand of the driver is reliably achieved. 

The invention being thus described, it will be obvious that the same may be varied in many ways. Such 
variations are not to be regarded as a departure from the scope of the invention, and all such modifications 
as would be obvious to one skilled in the art are intended to be included within the scope of the followinq 
claims. y 

25 

Claims ^ 

1. A method of controlling a continuously variable transmission coupled to the output shaft of an engine 
30 having a throttle valve and mounted on a motor vehicle, comprising the steps of: 

establishing a target terminal acceleration Go to be reached according to an indication of the driver's 
intention for acceleration or deceleration, such as the amount of depression of the accelerator pedal, and 
also to an indication of the speed of the motor vehicle; 

calculating a calculative acceleration G C al at the present time on the basis of a reserved power Pa of the 

35 engine which drives the continuously variable transmission; 

establishing a target present acceleration Gon required at the present time to vary the present acceleration 
up to^the target terminal acceleration Go along a desired characteristic curve according to the difference 
AG (- Go - G CAL ) between said target terminal acceleFattenVGo and said calculative acceleration G CAL ; and 
controlling the throttle valve of the engine and the continuously variable transmission so that said target 

40 acceleration Gon will be reached. 

2. A method according to claim 1, wherein said calculative acceleration G CAL is determined on the basis 
of said reserved power Pa of the engine according to the equation: 

45 g X 60 2 X 75 



G CAL - P * * 



(W + A W) X (V X 10 3 ) 



50 where g: the gravitational acceleration; 
W: the total weight of the motor vehicle; 

AW: the equivalent weight of the rotational parts of the drive system of the motor vehicle; and 
V: the speed of the motor vehicle; 

said reserved power Pa of the engine being a power which is available but not used corresponding to an 
55 accelerator opening. 

3. A method according to claim 1, further comprising the steps of: 
calculating a present engine horsepower P SRL from an engine intake vacuum P B and an engine rotational 
speed Ne; 

11 

<EP 0389262A2 J _> 



EP 0 389 262 A2 



75 



determining a target engine horsepower Pson required to obtain said target acceleration Gon according to 
the equation: 

5 Gon X (W + A W) X V X 10 3 

Pson = 5 + P SRL 

60 Z X 75 

70 where W: the total weight of the motor vehicle; 

AW: the,equivaient weight of the rotational parts of the drive system of the motor vehicle; and 
V: the speed of the motor vehicle; 

calculating a target engine intake vacuum P Bon required to vary said present engine horsepower P SRL up to 
said target engine horsepower Pson at said engine rotational speed Ne; 

if the target intake vacuum P Bon is lower than a predetermined value P B q, controlling the throttle valve of the 
engine so that said target intake vacuum P Bon wil! v bj|.pbtairigd; i .„.. W J . 

if the -target intake vacuum P So n is equal to or higher than the predetermined value P B g. controlling the 
throttle valve of the engine so that the intake vacuum will be of said predetermined value P BG - 

20 4. A method according to claim 3, wherein a map indicative of the correlation between the engine intake 
vacuum P B> the engine rotational speed Ne, and the engine horsepower Ps is established, and said present 
engine horsepower P SRL and said target intake vacuum P Bon are determined from said map. 

5. A method according to claim 3 or 4, further comprising the steps of: 
if said target intake vacuum P B0 n is lower than said predetermined value P BG , calculating a target engine 

25 rotational speed Neo corresponding to the indication of the driver's intention for acceleration or deceleration 
and the indication of the speed of the motor vehicle, and aiso calculating the difference ANe (= Neo - Ne) 
between the target engine rotational speed Neo and the present engine rotational speed Ne; 
calculating a target rate dNeo/dt of change of the engine rotational speed, which is required at the present 
time to vary the present engine rotational speed Ne up to said target engine rotational speed Neo along a 

30 desired characteristic curve, based on said difference ANe; 

determining a component di N /dt corresponding to said target rate dNeo/dt according to the equation: 
diN/dt = Ci x v x (dNeo/dt) 
where Ci : a constant; 

determining a component dia/dt corresponding to. a predicted acceleration, using the reserved horsepower 
35 Pa of the engine, according to the equation: 
dia/dt = - C 2 x (Ne/V 3 ) x Pa 
where C2 : a constant; . . . 

adding -said, com ponehjtstdi N /dt and dia/dt, thereby determining a rate di/dt of change of the speed reduction^ 
ratio of the continuously variable transmission; and 

controlling the speed reduction ratio of the continuously variable transmission so that said rate di/dt of . 
change of the speed reduction ratio will be obtained. 

6. A method according to claim 3, 4 or 5 further comprising the steps of: 
if said target intake vacuum P Bon is equal to or higher than said predetermined value P BG , calculating a 
target engine rotational speed Neo corresponding to the indication of the driver's intention for acceleration 
or deceleration and the indication of the speed of the motor vehicle, and also calculating the difference ANe 
( = Neo - Ne) between the target engine rotational speed Neo and the present engine rotational speed Ne; 
calculating a target rate dNeo/dt of change of the engine rotational speed, which is required at the present 
time to vary the present engine rotational speed Ne up to said target engine rotational speed Neo along a 
desired characteristic curve, based on said difference ANe; 

determining a component di N /dt corresponding to said target rate dNeo/dt according to the equation: 
di M /dt = Ci x v x (dNeo/dt) 
where Ci ; a constant; 

determining a component dia/dt corresponding to a predicted acceleration, using the reserved horsepower 
Pa of the engine, according to the equation: 
dia/dt = - C 2 x x Pa 
where C2: a constant; 

determining a corrective component di G /dt according to the equation: 
di G /dt = C 3 x v| (Gon - G C al) 
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where C 3 : a constant; 

adding said components oVdt, dia/dt, and di G /dt, thereby determining a rate di/dt of change of the speed 
reduction ratio of the continuously variable transmission; and 

controlling the speed reduction ratio of the continuously variable transmission so that said rate di/dt of 
change of the speed reduction ratio will be obtained. 

7. A method according to any preceding claim, wherein said throttle vaJve is controlled by a throttle 
valve actuator which is operable in response to a control signal from a controller. 

8. A method according to any preceding ciaim, wherein said continuously variable transmission has a 
hydraulic pump drivable by said engine and a hydraulic motor drivable by oil pressure supplied from said 
hydraulic pump, at least one of said hydraulic pump and said hydraulic motor being of the variable 
displacement type, said method further comprising the step of: 

controlling said continuously variable transmission by controlling the variable displacement of said hydraulic 
pump or said hydraulic motor. 

9. A method according to ciaim 1, further comprising the steps of: 
calculating a target engine rotational speed Neo corresponding to the indication of the driver's intention for 
acceleration or -deceleration and the indication of the speed of the motor vehicle, and also calculating the. 
difference ANe (= Neo - Ne) between the target engine rotational speed Neo and the present engine 
rotational speed Ne; 

calculating a target rate dNeo/dt of change of the engine rotational speed, which is required at the present 
time to vary the present engine rotational speed Ne up to said target engine rotational speed Neo along a 
desired characteristic curve, based on said difference ANe; 

determining a component di N /dt corresponding to said target rate dNeo/dt according to the equation: 
di N /dt = Ci x v x (dNeo/dt) 
where Ci: a constant; 

determining a component dia/dt corresponding to a predicted acceleration, using the reserved horsepower 
Pa of the engine, according to the equation: 
dia/dt = - C 2 x S§ x Pa 
where C 2 : a constant; 1 

determining a corrective component diGdt according to the equation: 
30 dic/dt = C 3 x V2 (<3on - G C al) 
where C 3 : a constant; 

adding said components di M /dt. dia/dt, and di G /dt thereby determining a rate di/dt of change.of the speed 
reduction ratio of the continuously variable transmission; and 

controlling the speed reduction ratio of the continuously variable transmission so that said rate di/dt of 
35 change of the speed reduction ratio will be obtained. 

10. A method according to claim 1, further comprising the steps of: 
calculating a present engine horsepower P SRL from an engine intake vacuum P B and an engine rotational 
speed Ne; <--:^.* ^ . _ 

determining a target engine horsepower Pson required to obtain said target acceleration Gon according to 
40 the equation: 

Gon X (W + A W) X V X 10 3 

Pson = 772 I ~ + f srl 

4s 6CT X 75 
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where W: the total weight of the motor vehicle; 

AW: the equivalent weight of the rotational parts of the drive system of the motor vehicle; and 
50 V: the speed of the motor vehicle; 

determining a target engine rotational speed Neo corresponding to said target engine horsepower based on 
the correlation between values of the engine horsepower and values of the engine rotational speed on a 
minimum fuel consumption curve; 

calculating the difference ANe (= Neo - Ne) between the target engine rotational speed Neo and the 
55 present engine rotational speed Ne; 

calculating a target rate dNeo/dt of change of the engine rotational speed, which is required at the present 
time to vary the present engine rotational speed Ne up to said target engine rotational speed Neo along a 
desired characteristic curve, based on said difference ANe; 
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determining a component di N /dt corresponding to said target rate dNeo/dt according to the equation: 
di N /dt = C, x v * (dNeo/dt) 
where Ci : a constant; 

determining a component dia/dt corresponding to a predicted acceleration, using the reserved horsepower 
5 Pa of the engine, according to the equation: 
dia/dt = - C 2 x ¥| x Pa 
where C2 : a constant; 

determining a corrective component dio/dt according to the equation: 
di G /dt = C 3 x V2 (Son - G C al) 
70 where C 3 : a constant; 

adding said components di N dt dia/dt, and dic/dt thereby determining a rate di/dt of change of the speed 
reduction ratio of the continuously variable transmission; and 

controlling the speed reduction . ratio of the continuously variable transmission so that said rate di/dt of 
change of the speed reduction ratio will be obtained. 
75 11. A method according to claim 10, wherein if said target rate. dNeo/dt of change of the engine 

rotational , speed, is-iarger than or equal to a predetermined- value dNc/dt. said predetermined value dN G /dt is 
set as the value of said target rate dNeo/dt. 
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© Method of controlling continuously variable transmission in combination with engine throttle 
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© A continuously variable transmission on a motor 
vehicle is controlled by establishing a target accel- 
eration Go to be reached according to an indication 
of the driver's intention for acceleration or decelera- 
tion, such as the amount of depression of the accel- 
erator pedal, and also to an indication of the speed 
of the motor vehicle. A present calculative accelera- 
tion G C al is calculated on the . basis of a reserved 
power Pa of the engine which drives the continu- 
ously variable transmission. A target acceleration 
Gon required at the present time to vary the present 
acceleration up to the target acceleration Go to be 
reached along a desired characteristic curve is es- 
tablished according to the difference AG (= Go - 
Gqal) between the target acceleration Go to be 
reached and the calculative acceleration Gcal- Then, 
the throttle valve of the engine on the motor vehicle 
and the continuously variable transmission are con- 
trolled so that the target acceleration Gon will be 
reached. 
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